Gastrointestinal Hormones
Gastrointestinal endocrinology is a poorly developed subject with, as yet, little clinical application. This is in spite of the fact that the first hormone discovered, secretin (Bayliss & Starling 1902) was from the gut. The reasons for this slow development are mainly technical.
The endocrine system of the gut is, anatomically, both large and complex. Electron microscopists have agreed that there are at least eleven different types of endocrine cell present in the gastrointestinal mucosa and their total mass is very considerableperhaps exceeding all other endocrine systems (Pearce 1973) . The proper understanding of an endocrine cell, however, must await the isolation of its hormone product and it is here that difficulties arise. The endocrine cells of the gut are not gathered together as a single gland but are widely scattered; thus purification of their product is very much more difficult than with glandular hormones. Further the gut endocrine cells produce mainly polypeptide hormones which are very susceptible to proteolysis. The gut mucosa is, of course, rich in proteolytic enzymes and once released they result in very rapid destruction of the hormones. A final difficulty in isolation is the problem of knowing what to look for. It is not enough to see a certain endocrine cell present in profusion in electron micrographs. In order to purify the product one must first find out what its hormone does so as to have the means of locating it in an extract. In the last fifteen years, however, some of these technical difficulties have been overcome. First in 1961 secretin was isolated, then in 1964 gastrin and also cholecystokinin-pancreozymin (CCK-PZ), in 1969 a gastric inhibitory peptide (GIP), in 1970 a vasoactive intestinal peptide (VIP) and in 1972 motilin was isolated (Bloom 1974) . With hormone purification a breakthrough in understanding can occur because production of specific antibodies allows the identification of the producing cell (immunocytochemistry) and also the measurement of the concentration in blood (radioimmunoassay).
There are, thus, seven gut hormones whose role in physiology can be assessed by direct blood measurement: namely, secretin, GIP, VIP, enteroglucagon (using cross-reacting pancreatic glucagon antibodies), gastrin, CCK-PZ and motilin. One of the first features to become apparent was the possession of overlapping or identical actions (Bloom 1974) . For example the first three hormones mentioned above all inhibit gastric acid production and stimulate insulin release. Both gastrin and CCK-PZ stimulate gastric acid and pancreatic enzyme production and both motilin and CCK-PZ have powerful gut motor activity. Similarly the hormones are often released by overlapping or identical stimuli.
For instance GIP and enteroglucagon are best released by glucose and fat while gastrin and CCK-PZ are best released by protein breakdown products. The gut hormones are, therefore, more complex to study than such hormones as ACTH or ADH which have well defined actions, free from any significant interfering factors. The gut hormones, par excellence, illustrate the importance of studying hormonal interrelations.
The first example of the complexity of the hormonal interrelationships of the gut is in the control of gastric acid. It is necessary to understand this clinically in order to identify any failures in such acid control, as the resulting peptic ulcers are both common and troublesome (Wormsley 1974) . Taking first the factors which stimulate acid production, these are recognized to be at least four in number: (1) Food constituents and ambient pH act directly on the gastric parietal cell to control acid output. (2) Acetyl choline from both vagal and local innervation can powerfully stimulate acid production, though there is probably also an inhibitory component to the innervation. (3) Histamine, produced locally in the mucosa, plays an important but ill understood role in acid production and agents which block H2 receptors almost abolish gastric acid production. (4) The classical hormone gastrin, in either the short acting (G17), or long acting (G34) form, is a powerful acid stimulator. The complex details of the control of gastrin release occupy a large and rapidly growing literature but in essence the G or gastrin cell is stimulated by distension and food and inhibited by acid, while its innervation can be either stimulatory or inhibitory. The factors which inhibit gastric acid production are also numerous. As mentioned above these include acid itself and also under certain circumstances the innervation. The hormones secretin, VIP and GIP, the first two released by intestinal acid and the third by glucose and fat, are powerful inhibitors of gastric acid and also greatly reduce gastrin release. The presence of yet further acid inhibitory hormones such as gastrone, bulbogastrone and enterogastrone is postulated. Once the acid is produced it needs to be neutralized and this is accomplished both by a specialized bicarbonate producing gland, the pancreas, or more directly by the intestinal mucosa. Two hormones, secretin and VIP, stimulate pancreatic bicarbonate production, and in some species vagal innervation is also important. Stimulation of the local duodenal mucosal glands (Brunner's glands) is an action of pancreatic glucagon and it can therefore be postulated that this may also be an action of the homologous gut hormone enteroglucagon. There is thus a galaxy of known factors controlling acid production and neutralization and possibly many more yet undiscovered. It is apparent that it is their correct interrelationship which is the all-important factor in achieving the right result, and that the 'cause' of hyperacidity in duodenal ulcer may be no more than a very subtle imbalance.
A second example of the importance of interrelationships in connexion with gut hormones is the gut-islet of Langerhans' axis. It has been apparent for a long time that oral glucose causes a far greater release of insulin than the same amount of glucose given intravenously (Rehfeld 1972) . Similarly oral glucose causes a greater suppression of pancreatic glucagon release, while oral amino acids result in higher plasma glucagon levels than if given i.v. (Lefebvre & Unger 1972) . These effects appear to be hormonally mediated and incretin, insulin releasing peptide, and GIP have been postulated as responsible for the f cell stimulation, while secretin and CCK-PZ may possibly be responsible for the a cell effects. These actions illustrate the general principle of gut hormone metabolic effects. As the gut is the first organ to recognize the definite presence and nature of ingested food it is in a good position to alter the body's metabolic setting to handle it correctly. The consequences of failure in this system are unknown.
The recent finding that growth hormone release inhibiting hormone (GH-RIH) was a potent inhibitor, not only of GH but also of TSH, insulin, glucagon and gastrin release , has been given added point by the discovery of the presence of GH-RIH in the gut (Luft et al. 1974 ) as well as the hypothalamus. The suggestion can be made that GH-RIH is a local hormone, perhaps akin to the prostaglandins or substance P, and its role may be analogous to that of histamine in the stomach. Control of body functions is thus highly complex, with both central and local innervation and circulating and local hormonal influences. It may be postulated that if one were actually able to measure all these influences the aid of computers would be needed to handle the results effectively and integrate the resulting mass of data. On the other hand, anything less is inadequate.
